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HIP of SiaN4 powders with and withont addibives wasg|.
performed usiﬁé 2 glass container, and various kinds of]
pressureless-sintered SizNy were HIP'ed without a container.
The effects of HIP tredtment on density, micrestructurem
flexural strength, microhardness and fracture®toughness on
SizN, ceramics were studied. Using a glass container it wag}!
difficult ot reach theoretical density. The microhardness of]
HIP'ed SizN, without additives was low, and the fracture
toughness “of HIP'ed SizN, with and without additives was 22-
25 W/m-¥X, and it lecfeased with increasing the amount of]
adiitives. The density, flexural sbrengbh and hardness of
preasuareless-sintered SizNy which contained Al,0 and Y,Nz ad
oxide addibives were rédmarkably improved by MIP treatiment
13ing nitrogen as a pressiare btransaitting gas. It is very
important to select the sintering conditionw for fabricating
the presintered bvody of Si3N4 in order %o dimprove th
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temperature hardness, fractufe
toughness, bthermal conductiviity
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SINTERING AND PROPERNING O 312N
NI AND WEMHDU® ADDLM LTSS 8y d{Ip vﬁmﬁwmwwm
3. Karatani
(Narvaai Tazinizal Taboratory, Nagoya, Japan)
M. Ohiaala
(Masalby of Bagin2aring, Touoct Yalvarsiby, Y3alai, Japan)
anl M. olzanai
(Tashisate of Jaiankifia anl Tnlasbrial Rudearah,

Dsaxa Tnivarsity, Tharaki, Tapan)

1 Introduction

A great deal of research and davalopnany ia beiag pirfornaed

bn relabion with siLizon aitseida {01

.;1.3314) ceraalod ad high-
braparature 3trangth materials, a3 in components For gas turbines
and dinga’l engines, bub since the covalence is sbrong anl v
self-1iFffusion 2nalfficient of the structural aboms is exbremaly
Tow [1] in thess materials, it is commonly known Ghat they
possess very troablesome sinteriag properties [2]. Therefore,
the manufacture [3] of theuse types of high-densiby sintered
bodies has gencrally been performed by hot-press sintering,
pregsurelaess siatering, reaction sintering and CVD nsing small
amounts of sintering additives (Mg0, Alpd%, Y03, ete,), but each
of Hhaese sintering methods als3o have varions advanbages and
disadvantages.

However, reporbs of applications of hobt isgosbabtic press
(MTP) techaology Lo the sintering of SisNy ceramic:s nave recenbly
been announcedl one after bthe obher accompanying Lmprovemenls in

bhe performance of the HIP equipment. Tor instance, Yamada, eb

#l. [4] are reporting a correlabion bebween phase transition in
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the HIP 3intering of SL3W4 powlars, n3ing glass onbainersy, wibh

and wibhoal addibives andl bhaire rasilbant lensibics.  Maanshile,

Tonma, eb al. [5][6] are 2onlasting invasbigabions into sinlering
aonditions and HIP condifbions for SizN, by performing direch HIP
broatment on pre-sintered bodies which were manufactared by hot
press and pressureless sintering methods, wibhouaf using
gonbainars,

This artlicle i3 a reporl of bhe resalbs of the HIP Lreatment

of SizN, powder wibh and withonl additives using a glasy
304 & 3

conbainer and Ltha performance of direch HIP breabmeat on Si3N4

pra=3inberal bolied naqafacbiarzsd by predgsarelons sintering, as

#4231l 23 Bha raosualbys of bhae measarzacalb of bha geashaaioaal and

Bramanal proparbkiag of, and sbadias on vy inflizace of gdditiven

il Bha affasbs o7 HTP oaa, By e34albant sinbaeral bolias,

2 Methodology
21

P - 2 e S

The powdar characterinbicy of e 3 Lypas oF starbing bass

aabarials 0% Lha 313W4 Ll b Bhiss basbing ara shown in Table T.
3¥-A and SN-B wore bobh aaaafaz2bured by the aibeificabion of
metallie silicon, while 3N=0 was manufactured by the gas phasge
method. Two types of compounds, MgA1204—Y203 and A1203—Y203,

Table 1. Characteristics of SigNy powders,

i Phase (Wi%) l Content of clements (Wi%) Specific
Powder surface
) ) aren
« | 8 N o | ¢ l A | e Mg f Fe (mt/g)
. 1
SN-A 9 " 38,2 11 0,48 0.0 | o008 - 0,03 8.3
SN-B a2 8 38,4 - - 0.25 0,04 «D.01 0,38 8,7
SN-C 90 10 38.7 - — <0.01 <0,04 <0.01 <0.01 10,0
i
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were used as dinbering alditives.

2.2  Manufacture of Glass-encapsulated Materials and Presintere
Bodies for HLP Treatment o '

- . S ke et e

3

The powders 8N-A and SN-C were manafactursl by bhemselvas,
or afbar having eguana’l portions of MgALlo0y and Y50z mixad wibh
bham 43 dinbaring adlibives, aaizr conlitions of roon
temperature-300 MP4, inlbo 7¢ B pallebs, haab troabal o
1200°C in a nitrogen gas Clow, and then packed into BN capsules.
Thaze BN-anonpsulabald aaaplos were then each wreapp2d in a sheeb
A nolybdenan (2.5 ma) and iaserted inbo a pyrex tube (interior
diameter 11 mm), which was bhen vacuum sealed.

Meanwhile, pre-gintered samples were manalactared by alling
appropriate amounts of MgAly0g=Y505 and Alydy=Yo0% o ench of
the sbtarbing powdars SN-B and 3N-C a3 aintering allibives, as

shown in Tavle TT, and mixing
Tuble T1, Starting powders of pressure -loss sintered

the powders in an alumina pot, o S
bhen cagting the powders inlbo o E e -
B3N} i SN-B AkOy Y0
5mm x 6mm x 43mm samples, and Sewzoou SN j MpalO, Vel
SN 3 i SN-C i AlQy 1204
finally, pressurelaess sinbering SENA G SNC ] MM, iy

the samples For several hours ab
1750°C in N, gas. The dimensions of bthe pre-sinterced samples

after sintering were 4mm x Smm x 39mm.

2.% HIP Treatment

A high-temperature, small-scale HIP device manufactured by
the Kobe Seikdjo Co., Ltd. was used in bthis HIP treatment. The

hot =zone of this HIP equipment is shown in Pigure 1. The
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dinngiong af the Granbnant 2eembar were 190¢mm x 150000 an1 W-Re
wa au3ad ag oo tharmocoupla,

Ta the oagae of thae HIP treatment of tha glaga~ancapsulataed
mataeinly, bha aaaapsalat 2l aabarind agag placal in bhs cenbuee of
tha hob wone of bhe HIP equipment, sarroandal by BN powder which
Pillel a sarbon oraeidle, and breated at 1450 o 1799°0 ander 109

50 150 MPa pressure, aying Ar

om 1059 mm o
o 909men. ~f
G il pradsarde branami bil N3 Thermocouie ~w— n N {
Carbon Crubie -em.. ! ’_\ .T
madinm. The rate of bemperabure BN container s, jTﬂ £ 5
Sampie _...;;_-:;v_""i [ ;‘w{ T ol
increasée and deereasse in bhis Catbon N’L‘{f-_;v-"{":"; o A l
Glass -~ i
cHs e waB approximately m'f'«..‘..i“'f,‘;;;.,:i/ s
Suppory 7 = l
1000° C/hp R

Fiz. 1. Hot zone of HIP equipment,
While, in the case of the

HIP treatment of the pre-sintered samples, treatment waw
performed at 1700°C, 120 MPa, for 60 minutes, using Ar and No gas
as pressure~transmibtting melia. Tn bthese instances, bthe void
surrounding the pre-sintered sample was filled with beta«Si5N4
and BN powders in order bto prevent bthe pre-sinbered sanple and
the aarbon cracible froa 2oming in conbach wibh aach obher. The
rabes of beaperatuare laerease and decraessae ased in bhosa omgen

ware approximately 1000°0/ar and 590°C/hr.

2.4 Density Measurement, Crystal Phase Establishment, and
Scanning Electron Microscope Observations

e w¥r m o - - . . s . e e wm we e e e e e e

After removing Cforeign substances from, and then polishing,
the suarfaces of bthe resultant maberiuls, the relative density of
the materials was measured using Archimedes' method. The crystal

yhase of these naterials was also established D L-ra
P y y



Aiffraction analysis using Cu-K alpha rays [7]. TPurthermore,
gold deposiblion was perforasd on the fracture suarfaces of bthe

materials in conjunahion with SEM observalbion.

2.5 Tlexural Testing

FPlexural testing was performed on the pre~sintered sanples
and gabgeqaent HIP treaied maberialy, asing a 3-point bending
aabhod ab room temperature on 30ma gpan=-lengtha of material. The
crosg-head rate daring Lasting was 0.5ma/min.  The samplos asel

for Gthiw Plexaral testing were "Creshly asintered!, wlbhoubt having
8 J

been polished or Ffinished in any way.

2.6 Thermal Conductivity Measurement

Thermal conduchbiviby was debermined by the laser flasgh
methol [3], nsing a "0-3000-H Thernal CoefPicient Measarement
Davice manufactared by the Shinkd X3riL Co., Ttd. Bobh suarlfaces
of the gamples ware mirror Cinished with diamond paste until
parallel and graphite was applied to one of the surfaces, while a
Fharmocouple, for the detechbion of thermoelectromotive force, was
alfixed to the other surface with Ag paste. The measuremenbt was
then performed by first healbing bthe mabterial to T700°C in ax
eleclric farnaz2, after~ inisially placing bthe sample in a
protective babe and creabing a vacaam {(to 10=3 Pa) in the tube,
a1l bhen performing measuaremenbs ab the desieced tenperataraes
s1ila gradaally lowering tha Leaperatare in the electric Pirnace
from T700°C Lo rooa Geaperabure.  Bapphire monocrystal was also

i3ed a2 o conbrol sample.

Gl
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ass and Pracsbars

The resultant samples wara pnrallel groand, afterwhich,
bhelr surfuces were nirror-finighed using boron carbide gril
(#600) and diamond paste (10, 4, 2, 0.3 um).

A Nikon QM VieXars hardness gauge was uged in the
measuroment of microhardness. A vacuam (Lo 1072 Pa) was ereabed
in tha beabing ehamber Lo prevent the oxidation of the samples
and the diamond pressarcs Lip, and the measurementy were porfornad
gvery 100°0 from room btemperabire to 1299°C, asing a Vickers
diamond pressars bip (200 graa 1oal).

The methol ased by Niitharn, ob al. [10] was atilized in tha
maagaramaent of the Cracture Loughness of the pre-sintered sample:
[9], with equipnant asing a Viekers huardnsss gangs. Ko was
determined by applying a pressure point Toad (1 kg) to hHhe
samples o develop not only predsare mark, bab also cracks, and
then reading 1/2 (a) the length of bLhe diagonal lines (2a) of the
prassare mark and the lengbh of the cracks (e¢) extending Prom

aach poinb of the pressare gark ading an ophical microscope.

3 Results and Observations

5.1 Hot Isostatic Presgs Sintering of the Glass-encapsulated

oo ot Tl ve - -y

Materlals

The dependency on temperature of the relative density and
beta~phase content of 8N-A and SN-C powders which were HIP
breated Cor two (2) hours ab 1450 to 1700°C and 150 MPa (120 MPa
only at 1790°C), with and withoul addibtives, is shown in Figure

2. Also, Plgare 3 shows bthe changes in bhe relabive densiby of

[
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sinbaral guaples which warg HTP
braatal for 50 ainabas alk
1700°4, 129 MPa while nhanging
Bhis amoanbs of bha addibives 1650 1500 1660 TG0 1650 1100
100~ e P G emioeei Y a3 2
n3ad.  The rolabiva lansibing of g :“J *
s 1 )
Eha additive~charged 3L3W4 in E | / 1
§5°“ i oA N asitives ]
. N L 4
hhage nasbanced i3 a parasanbaga, é | Sl TR U o
\ 1 / - ::lml: )
obbained by diviling 163 volaan © oL ,'T°j'm11
RY1450 1500 1550 1600 1650 1700
Temperature {*C)

lengi by by the ealenlatbed
Fig. 2. Effects of temperature on b relative
density and (b) 3-phase content of ShN;

dengity obbained from bLhe HIP'ed at 150 MPa for 2hr In Ar gas
. . The pressure for HIPlng at 1700°C was
mixbure rabio andl relative 120 MPa,

weight of each of bhe additive ingredients. There i pracbically
no densiFflcation 1450°7 when addibtives are pregent, but as the

temperature reaches 1500°C, densification is rapid. However,

-: 1700°C «170M#Pd - 60 min

=}
o

aven if the HIP treabment

bemperature 18 raised beyond

Relative density(%.)
w0
5

. e , a6}
this, relative densiby does not o
~0-~
85¢ N X )
fneraase a3ven much fCurbher. T T T ek
0 1 k] 5 7 vi0s
Additives {wi'h)

Also, since the relative densgib;
» e ” BLLS Fig, 3 Roelation between relative density and

s . the amount of additives.
did not reach sven a3 high as

approximately 90% when SN-C was used by itself, it conid be sald
Lhat Ghias is 2 base material in which dengification is AiLfflenlt.
The AlPParenc23 in densifleabion are beliaved t0o be related o
bhe relabionship babwa2an bhe pariby of the base maberial and bthe
phade branaibion rabe from alpha to deba, due o bhe differsnces
in the base powders 3SN-A and 3N-C. It was alaso observed, through

the 3BM observabion of fraclbaure surfaces, that bhere was
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varitably no growbth in the eryabal geaing of non-addibive-shargal
nabarials at 1500°C, bat that there was a fair amount of crysbal
growth in these maborianly as bhe bemperature reached 1690°0,
While, in tha aldibive chargel aaberials, gansreal erystal growtbh
wiy obgerved at 1500°0, Lthis banlency balng raanrkable in Lhe
case of BN-A.  Also, inereasing the alditive amonnts 1id ant
parbicnlarly prodote denglfieabion, bhal cansaed irragalar graln
growth. In order o approach btheorebtical density, densification
must flrst be nearly complebeld wibhout causing any grain growth,
alterwhich, a uniform wtracturs nust be constructed by causing
glight, aaiform grain growbh, and Lt i Lharsfore beliovad bhab
L L8 necsssary to use higher bemperatarss and prassaras bhan the

agad in bhe conditions of bthis experinant.

(o]
X0

HIP Treatment of Pre-sintered Bodies
Tha rasalbs of densiby aeasuramanhs on pra-sintered samples,
aanifachared preddareless sinbtaring 3N-B and 3N-C charged with

glntering additives, HIP Lreabed for A0 miantes at 1799°0 and 120

T 4 T -

MPa are shown in Pigare 4. 1In

g’ 3 100%e-120ma - 6omin
order bto discover bthe Influence 32 ° 4
I /A k4
L
ol bhe atmosphere sarrounding s3r LR 1
T
the pre~sintarad gaaple, the § N4 b
w e
pre-sintered samples waere placed f L vl
28§29 30 a1 97 13
in 8izN, powder, in BN powder, Density prior 10 HIP (glam')

Fig, 4, Effect of HIP trentment on denslfication.
and on top of BN powder, with

the method of placing the materinl in Si3N4 powder showing a

tendency to increase density somewhat. However, denstities did

8
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not changs, for bthe most part, in 5 anl Np gas HIP bronbaents
tibher.  Only th2 33N 1 pre-sinb:iral guaple showsd o gharp
inaraase in denasiby, from 3,03 o 3.21 3ram%/oqu whan TP
Fraatal in No gge  AMGar No g TP Grenbaank, bhis pro-ainkorad
dnampls Mad aonlangad approximataly 1 6o 2% in laagsh and
woproginalaly 3 bo 4% tn volaas, with naarly Gho sans conkent of
dlosaed alr poekabs ag balory MTP braatasab. Th was a4l
obsaerved, froa Ghae ragalby 2f Xeray AiPPranhion nanlysty, Lhak
b SigNy eryatal atracture had already alrondy axperlancel 100%
transition bto baba-phadae In the manufactars of Bhig pro=ginbered
gumple slnee bhe slnkering temperature hal reached ng high as
1759°C, anking Purkier phase transibion throagh HTP treatment
unnecessary. Also, no more than the peak of bthe beha—3i3w4 W A3
obuerved, even after Ar gua nnd Ny gas HIP treatment. Scanning
2lacbron wnicrographs of the fracbtare sarfaces of 83N 4 pre-
sintered samples as sintered, and after Ar gas HIP and No gas HIP
treabments, are shown in Pigure 5. Pligure 6 shows the Pracbure
surfaces of 33N 2 pro=-ginbered samples as ginberaed and alter No
gas HIP treatment. TG oan be 3ean in Pigure 5 that, when Ar gas

HIP treated, wmousb of Lthe air pockets in 33N 1 are nob Lost in

(b;\r-l(!url) i
AR sintered Ar-HIP NaeliIP
1I0DC 120 MPa-00 mfy 1700120 MPW 0w

Fig. 5. Scanning electron micrographs of fracture surface (S3N 1),



splta OF HIP bLraatment ander 120 MPa high-proaaarae gag and Lhah
Ehale Ly vicbaally no vialble ehange In bhe acrysbal, sbracbors,
Towavar, in bha onde of the Na g3 TP GLranbaent, in adlitlon bo
aLtahb grala growbh, aosh of GLhe sir poaXabiy have ban
aliminabal, ahowing w aierogbrasbar? bhas vall raflaclhy bhs

razallbs  of  ineraasaedl  loagiby. O tv2 sthar hanl, in  bhe

a3 o0 39V 2, vietaally o R s - IR ey MIPR

L2 B '+ O - 1 R

: ; LERAT N Al AT

logy of air pockets can be guun 8 -g.ﬂ-p.g!h_q;.g; g, P AR
g S 95 i

and bthe gbrachare ghows

prachlenlly no ahang2, in aplta
of No 23 'TTP breatasnt. Fron

bhisg, it Ls believeldl bhalb SLhe

nddibives added to bthe pro=- :
Clav =10 pad
ginterzd sauples have a great oot R A

Fis. 0 Seanping eloctron mictogrphs of
effect on bLhe reasalts of HTIP fr.ture surface (ESN 2%

Lreabment.

Volumebric expansion was observed in those annples that were
Ar and No gas HIP treated. The canse of bhiz nobt due bo the
disintegration of Lhe sample aarface 3, but was dne, inshend, 4o
lacraases in Jdenslly through TP (reatment. However, bhe reaions
bhat bhe volawe P Lthe pre-siabeceed gamples expaads through MTIP

braabnanlb are presently anelear.

3.3 Plexaral Strength
The resulbs of Lthe Plexural gtrenglbh meagnrenant of pre-
ginbered 30N 1 and I8N 2 gaaples which ware gubgayaenbly Ar and

No gas HIP treatel for 60 wminabag ub 1700°C and 120 MPa in betu-

10



JigNy powdar, in BN powdar, anl on tap of BY powder are ghown in

Figare T, %2 O33N 2 pro=gintoral samplaey showad n alighl

inerengs Ln Plexaral atrangth 800 17007 1200 60mm

. 200} iy
wihan HIP brenbad in ba'ba-Si3N4 fi?
600

{
[
Shuar 0 (n ¥
owder, but wan, Cor the mas) W f” M?
PO ’ ady b } Eme, o ‘}l'lf I’i

&)
park, anahangsd Crom the real of ‘www%*,

‘5309- GO in b5k prede |
e 3¢ shor han L8 I BN powder
e aaaples.  On the othor hand, : L8 B oo

1

N n bhe G"l?i 8 o f" h}lﬂ i‘:\;n‘ 1 o R fuu LA . e MNve  weNire
U SSNT Alter HIF  GSN2  After HIP

gamnplan Lnaran g B ,
VI p A, 1 1 ’ wers Fig. %o Ruom tempersture floxaral strongth.

Numerals v ¢ ) indieato the number of

obagervl i the flexaral samplos tested, The open symbnle are for
Ar-1IPed Sigy and the fillsd symbols
.; ‘; rF “) ’ig ‘l‘s}l o ? A z‘ 'l,x‘ ,61;1 \IQ B{‘L.‘j }{ r P fof le"“"(‘d Sijy‘.

braalbal pra=gintorad samples, parbticalarly bhose troabel wibh
NaTP, which shawsl a1 approzimate 50% inereass in Flaxaral,
shravagbhn froa 350 MPa to 599 MPa.  Sinee batu~phass bransiblon is
aleaaly 1904 and viehally ao geala growth Lo vigibls Lo o pra=
ginterad gamples, ag axplainal above, LE L haeliavaedld, from 357
obiervabiza, bthabt bhi3z Lieraad4a in Pleoxara] shrerengbh can be
abbribabedl bo deasificablon bhrough bthe eliminabion of ajr
pockaetis. Oincae bhig Lncreaged flexaral sbrengbh was alyo seen in
those pre-sintered gnaples which were Ar gas MTP bLreated, bhare
L3 al4n bhe possibility thabt iengifiaabion iy slightly promoted
in pra=ainterad gamples which are HIP treat. t by Ar gas pregaarca.

.

There 13 also 2 tenlency in Lhoue pre-ginberad samples HIP
Eraated in beba—si3N4 powder Lo have greabor denslty and flexunral
stirength lncreases dus Lo bhe elimination of ailr pookaba than
those HIP breated in BN powder and on Ltop of BN powder. This

indlicabes that the BN grannles and the imparlbties conbained

11
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bharein have a detrimental efCfenl on the pro-sintered bodies.

3.4 Thermal Conductivity of SisN, Sint

Tha bhermgl, :a:ml\mbiviby; at different Lemperatures of
addiblve=charg:l and ancharged ON=A and 3N-2 3anples which war:
HLP Lranted for 2 oars ab 1799°0 and 129 MPa4 and For 4 "ouars b

1H0)°%49 and 159 MPa are 3now1 in Pigare 3. Mhe anhargsl zanples

thowed bheraal onlaakiviby of L A R
22 Lo 25 W/mn¥K o ab rooa ¥ S
2 ) 4 ; ‘ g
5 P W\\O\‘&:!N ]
. s ~ 2%k L
sanparalare 7 . 2 > e
banparalara, wibh 1Littl z ‘...‘..\‘ »\O\g(:
1iPParanae belbwean Lbhe D W - g
1i 21 belbwaaen bhe low I .- =
s . ) <10k € »
impurity 3N-0 anil 3¥-A asanples. E | 0 - YA 20Pg -
& ...‘,mmw,m. "
' : > chea, WA, T
There wus wl3o a tendeasy For ;:.,m,;g’w .
0 1 1 i 1 i L ~L
the therasl onluchiviby Lo 0 0 remperaure (e 80
. . Flg, 8 Temperpture dependence of thermal
decrense a3 bhe addibives conductivity in Si;N, with and without
additives.

amonnbs were increased [11].

The conduction of heal in an insulabor such as 8izN, is perforaed
through phonon (nuzleon vibrabion), but as addibtive amonnts
inereqse the grain boundary phase becomes more caslly broken by
imparities and, consequenbly, phonon is disrapted and bhernal
condnet'vity Ls decreased. However, when MgA1204 and Y203 are
a1d21 gimalbaneously at 3%wb each, bthermal condacbivity is
practically anchanged From bhe ancharged samples.  The raeason Forp
bhizs g belizval to b2 bhalb the diaprapbion Lo the phonon, dae bo
geain boanlary phase, i3 gaall when bhe aldibive amoants ars low,
while bthe greowbh of bthe erystal grainsg, promobted by hHhe

additives, conbtribubes Lo increased thermal conduckiviby.

12
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5.5 dlgh-temperature Strength and Fracture Toughness (Kr.) of

hardness and Xy, of gintering additive~chargsd and ancharged 3N~A
samples which were HIP bLreabed for 60 minubtes ul 1650°0 and 15¢
MPa., Addibive-chargad sanplas showed a marked decrease in
Warlness at around 900°C, which i3 bheliaved to be lue to tLhe
gofbening of “ha silicabe glass of the MgA1204-Y203 sysbem which
gurrounded bo the grain boundaries [11][12]. 0On the other hand,
bhe hardneds of the uncharged samploey showed a auech 3lower
loeline at aronnl 300°C. This is belisved to be atbribulable to

the Cormation of wilicate glass from the Si0, in Lhe base

[ ’ . . ME
material or Ffrom ingredients VRN NP A S "
‘ 3000}
wnich saaped inbo bhe sample ~2oor T
E000} g 1
from the pyrex glass aasd am oa g f? 1655+C 150MPa - §0min
T 360 ] = A No additive”. ]
sonbainer in HIP treatment. An 20 / o A T A
t " Al 1
FioNo0 peak was actually : * g

4 -
NTx10 (K")
obise F . —p r 0 oy bt .
b i3 rved by X ray AifPrachion Fig. 9 Temperatire dependence of Viekers
mictoliavdie s of Hed 3N

analysls in the uncharged

10 T - —
samples . 1650°C +15GMPa » EOmin
| 8 a~ A No okilives 4
Meanwhile, hoth the charged L sh SRt e
o ~ £ [
and uncharged 013N4 showed KIG ¥
s 2+ 1
oF approximately SMN/mB/Z at

ORT760 400 600 800 1000 1200
. Y »
room temperature' which Temperature {°C)
Fig. 10, Temperature dependence of fracture

gradually decreased as the toughness of HIP'ed SigN.

temperature was increased. In the case of the additive-charged

sample, condensation of the additives occurred on the surface of

13
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bha saaple ok hign samperatarss (1290°0) since L6 was placed ina
vacuum and a ligqaid phage Pormed, making the measarement of Ko
extreamely dLFFPianlt. Judging from the fluacl bLhalb GLhe
prossurelaogs=sintered, addibiva~chargel gamples formed liquid-
phagae at approxiaately 1200°C¢, 1% i3 believed thal perhaps
ginbering was nol conplabely prountz21 by HIP Lraabnent and Ghab,
gongqaenbly the additives were nol sinbared, bat adhered o Lhe
arain boandari2s 3iaply g imparibies.
Pigaraes 11 and 12 g2 lapealancies on benperatars of the

hardaass and Ky, 2F 338 1 pro=-siaterad gaaples and To gus HIP

Ti10° °¢)
y 2

breated 33N 1 samples. 16 i Ros ¢ 431 : B
2000t
. . 2000+ N
apparent through PFigare 11 Lhat = ﬂﬁr:3:3:::$__—43
Ef000f 'Q':f'*" 1
tha hardness increased ag mnch £ ool f ]
S - SSM
as 200 kg/mmy in Viekers 200} T oo ow- o -
hardness =after MIP treatment ag i 7 '
UTx10' (KY)
eompnre 1 Lo belfore HTIP Fig. 11, HIPing 2fect on Vickers mierohardness.

The open circle is for the pre-siptered $i:M
(SEN 1Y and the flled elrele for Na 1 ed

frentmenb. - The canse of bthias is body of $3N 1.
halileved Lo be bhe Fact that air 10— —
=0~ S5N1 .
. . . ar
poekebs arg eliminated and air g el o I
14 J
space, which creates plasticiby, E‘f"4==‘~s o——e"
= !
x
way decreased. The dependancy 2t
0

e L I 1 i L I}
RT 200 400 60C 800 1000 1200
Temperature (*C)

. . : Fig. 1L Temperature dependence of fracture
Al ‘ £ g 3 D . A .
virtual 1J the same in the HIP touyhiness. The open circle is for the pre-

) sintered SizNy (SSN 1) and the filled gircle
treated and anbreabted sinberaed for Na 1H'ed body of SSN 1,

of nardness on temperabure wayg

bodies, Ln thabt bthey both decreased slightly in hardness at
aronnd 900°C. HIP treated anl anbreabed samples both xlso showed

Kis of approximately 5.3 MN/mJ/z, sinilar flacbtuations even as

14
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bemperatures were inereased, and tendencies for Rio bo increase
slightly at over 1000°C, corresponding to the softness of tha

graln bounlaries [12]013][14].

4. Conclusions

Sintered bodies were manufactured in this ressarch by TIP
breating addibive chargel anl 1acharged Si3N4 powiders uging »n
glags conbainer, La additioa Lo direchly HTP treabing 313N4 pre~
sinberel bodlas whioh had been aanafactared by the prossaraloss
sinbaring mebhol,  The relationship hebwea b4y longiby 0 She
ragnl bant ginkaral Holias and additivas, i1 allition Lo hha
Vialcars harlaeas, Frastacs Lowghaess, Fflagaral shrangbh, anl
bhoraal conlachiviby of these sinbaredl bolins, was inveshigatal,
Jsialding the Following resalfha.

(1) When glass 2onbainers wors usod, hardness was sasily
incraasel bo approximately 95 to 95% of theorebtical density, bab
fheorebical hardness of greaber bhan bthis nob abtained in spite
of increased btemperabure conditions and Lacreased addibive
amounts.

Meanwhile, in the case of the pre~sintered mabterials, the
manulacture of pre-sintered bodies corresponding to the HIP
conditions is an exfremely important process, and it is bhelleved
bhat btheorebical dengity can be atbain2d sinply prolucing pre-
gintered bodies which correspond Lo bhe TP treabneatb.

(R) T i beliaval thab the Lacreasel Floxaral sdbrangth
throagn tv2 TIP Greabment of Lhe pre-sintsred bodlies resalbant

from thig regearch was das bo bhe @liainabion of alr pockaebs, a

A
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2adde 90 Bhe Pormabion of aeaves, rabiiae Bliaa bha sbeabieal
hanga From alpha-phaszy b boaba=phaaa, Thay inaraass La Plagaral
gheaaghin Tae 5o TITP hesabnend was approxiaataly 398, T4 was alao
ligsovarsl Ghalb TP beaatasal in h@k%—313ﬁ4 povlar 13 Datbar Lhan
abhar maethnls.

{Z) The thermal conduchiviby of SL3N4 aithout adlibives was
shown to be approximately 22 to 25 W/aK at room tampuraturs
bhrough MIP SHreatment, which decreased as the addibive amounts
ware Lnereaged.

(4) The fracture boughness value o addibive-charged and
uncharga4d 313N4, TP Lraabal aslng a glass capsalae, was shown bo
be approxinabely 5 MV/m3/2.

(5) 1IN the czase of fthe HIP bLreabtwaent of pre-sinbored
bodias, a3 densiby, Flecaral gbrength, anl hardness of 298N 1 way
increased remarkably by Vo gas ATP fLreabuweab, babt there was
Littla 2hange Ln Lby Crachir: boughness valus.

(From a Deceanber 5, 1983 lecture ab bhe 13th Ceramic Mataerials

Commibbee Masting (Dai 13-kai Seranikkasa Zatiryd Bamon T-inkai)



1)

3)
4)

6)

7)

9)

10)

11)

13)

14)

kA el Sl s R Y SN T S o e et S, 4.~ S

REPER BN

- -

K. Kijima and 8. 8hirasaki, J. Chem. Phys., 65, 26683 (1976).

. Greskovish and J.H. Rosoloski, J. Amer. Ceranm. Soc., 59,
536 (1976).

K. Suzuki, Zairy3 Kagaku, 19, 5 (1982).

3. Yamada, M. Shimada, and M. Koizumi, Y3gyd Kyakaishi, 90,

118 (1932).

K. Honma, T. Tachino, H. Okada, 3. Kawai, and M. Nishinntn,
Zairys, 30, 1005 (1931).

K. Honma, T. Tachino, H. Okada, and H. Takada, %airysa, 31,
960 (1982).

C.P. Gazzara and D.R. Meanier, Am. Ceram
(1977) .

W.J. Parker, R.J. Jenkins, C.R. Butler, and G.TL. Abhott, J.
Appl. Phys., 32, 1679 (1961).

Bull., 56, 777

A.G. Bvans, "Practure Mechanics of Ceramics", Vol 1, edited
by R.0. Brandt, D.P.HA. Hasuaelaan, and P.P. Lange, p. 17
(1974) Plenum Press, New York.

(37}
[e]
e

K. Nithara, R. Morena, and D.P.H. Hasselman, J. Mater

Letters, 1, 13 (1982).

oot

K. Tsukuma, M. Shimada, and M. Xoizumi, Am. Ceram. Soc.
Bull., 60, 910 (1981).

M. Shimada, A. Tanaka, 5. Yamada, and M. Koizuni, Zairyg,
31, 967 (1982).

A.G. Bvans and 3. M. Weiderhorn, J. Mater. Sci., 9, 270
(1974).

R.K. Govila, J. Amer. Ceram. Soc., 63, 319 (1980).

17



	1986019525.pdf
	0001A02.jpg
	0001A02.tif
	0001A03.tif
	0001A04.tif
	0001A05.tif
	0001A06.tif
	0001A07.tif
	0001A08.tif
	0001A09.tif
	0001A10.tif
	0001A11.tif
	0001A12.tif
	0001A13.tif
	0001A14.tif
	0001B01.tif
	0001B02.tif
	0001B03.tif
	0001B04.tif
	0001B05.tif
	0001B06.tif




